. Overexpression of angiopoietin-2 impairs myocardial angiogenesis and exacerbates cardiac fibrosis in the diabetic db/db mouse model.
type 2 diabetes; vascular endothelial growth factor; myocardial capillary density; apoptosis MICROVASCULAR RAREFACTION (loss of capillary), a major cause of end-stage organ failure in diabetes, results in a decreased coronary blood flow reserve rendering the myocardium vulnerable to ischemia and exacerbation of heart failure. Severe microvascular rarefaction has been detected in the myocardium of diabetic patients and animal models of diabetes (28, 29) . The progressive microvasculature rarefaction is related to the duration of diabetes (22, 37) . The reduction in capillary density leads to cardiac dysfunction following myocardial ischemia (37) , and its preservation improves recovery of left ventricular function in diabetes (22) . These studies strongly suggest that insufficient angiogenesis and microvascular rarefaction may represent one of the most critical mechanisms involved in the pathogenesis and progression of diabetic cardiac dysfunction.
Angiogenesis is thought to depend on a perfectly coordinated balance among a variety of angiogenic factors and is mainly regulated by the interplay between VEGF and angiopoietins (13, 14) . Angiopoietin-2 (Ang-2) is a ligand of Tie-2 receptor, and its role in the regulation of angiogenesis is dependent on the VEGF. In the presence of VEGF, Ang-2 promotes endothelial proliferation and migration and induces vessel sprouting. However, in the absence of VEGF, Ang-2 increases endothelial apoptosis and results in vessel regression (20) . Under physiological conditions, systemic delivery of Ang-2 has been shown to increase angiogenesis in the lung and the heart without a concomitant upregulation of VEGF (3) . However, overexpression of Ang-2 in tumors results in disorganized vasculature with endothelial cells apoptosis and tumor vessel regression (27) . These data implicate that the functional role of Ang-2 in the regulation of angiogenesis or vessel regression is also dependent on a given physiopathological conditions. An increased Ang-2 is a powerful predictor of adverse outcomes in diabetic cardiovascular diseases. Ang-2 expression, but not Ang-1, is abnormally elevated in patients with diabetes and congestive heart failure, and increased Ang-2 is strongly associated with cardiovascular dysfunction (8, 9, 16 -18) . Previously, we (4, 5) demonstrated that Ang-2 expression was increased whereas VEGF expression and angiogenesis were reduced in diabetic db/db mice subjected to myocardial ischemia. So far, no study has done to investigate the direct effects of Ang-2 on the diabetes-associated cardiovascular complications. Whether overexpression of Ang-2 mimic diabetic ischemic conditions results in loss of VEGF expression and capillary density remains unexplored. The present study uses the diabetic db/db mouse to test the concept that excess of Ang-2 impairs angiogenesis and promotes myocardial fibrosis by suppressing Tie-2 and VEGF signaling, which thereby enhances endothelial cell apoptosis as well as proinflammatory and profibrotic responses. Furthermore, whether overexpression of Ang-1 counterbalances Ang-2 and reverses these abnormalities of diabetes.
MATERIALS AND METHODS
In vivo intramyocardial injection of adenovirus-Ang-2, adenovirusAng-1, or adenovirus-␤-gal. C57BL/6J (wild type), db/ϩ, and diabetic db/db male mice (12 wk of age) were purchased from Jackson Laboratory (Bar Harbor, ME). Before injection, db/db mice were anesthetized with ketamine (100 mg/kg) plus xylazine (15 mg/kg), intubated, and artificially ventilated with room air. A left thoracotomy was performed, and the left anterior descending coronary artery was exposed. Adenovirus (Ad)-Ang-2, Ad-Ang-1, or Ad-␤-gal (1 ϫ 10 9 platelet-forming units) was mixed with 100 l of saline. A 30-G needle bent at a right angle was inserted into the left anterior descending coronary artery zone, its tip was turned into the border zone, and a maximum volume of 25 l of the Ad-mixture was injected at four equidistant sites (4, 5) . Mice were killed 48 h or 14 days after intramyocardial viral transfection for the analyses described below.
Analysis of Ang-1, Ang-2, Tie-2, VEGF, Wnt7b, VCAM-1, and ICAM-1 expression. Forty-eight hours after either Ad-Ang-2 or Ad-␤-gal injection, the hearts were harvested and homogenized in lysis buffer. Fifty micrograms of total protein were separated using SDSgel electrophoresis. The membranes were immunoblotted with Ang-2, Ang-1, Tie-2, VEGF, Wnt7b, ICAM-1, and VCAM-1 antibodies (1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA). The membranes were washed and incubated with a secondary antibody coupled to horseradish peroxidase, and densitometric analysis was carried out using image acquisition and analysis software (TINA 2.0).
Analysis of myocardial capillary density. Fourteen days after AdAng-2, Ad-Ang-1, or Ad-␤-gal treatment, the hearts were harvested and immediately flash frozen in super friendly freeze'it (Fisher). Five-micrometer sections were cut and incubated with fluorescentlabeled Griffonia Bandeiraea Simplicifolia Isolectin B4 (1:200; IB4; Molecular Probes, Invitrogen). The number of capillaries (IB4-positive endothelial cells) was counted and expressed as capillary density per field (10ϫ) of myocardium (5, 32). Fig. 1 . A: Western blot analysis demonstrating that intramyocardial administration of adenovirus (Ad)-angiopoietin-2 (Ang-2) resulted in a significant increase in Ang-2 expression in the db/db mouse hearts (n ϭ 3-4 mice; *P Ͻ 0.05). B: Ang-2 expression localized in endothelial cells (EC) but not in smooth muscle cells (SMC) in heart tissue. Left: Ang-2 was immunostained with anti-Ang-2 (red). EC were stained with Isolectin B4 (IB4; green). Merged image revealed that Ang-2 localized to EC. Right: Ang-2 was stained with anti-Ang-2 (green). SMC were stained with smooth muscle actin (SMA; red), and nuclei were counterstained with DAPI (blue). Merged images showed that Ang-2 did not localize to SMC in the vessel wall. Fluorescence immunohistochemistry analysis was conducted on heart tissue in triplicate studies. C: Western blot and densitometric analysis showing treatment with Ad-Ang-2 in db/db mice led to a significant decrease in Tie-2 expression compared with Ad-␤-gal-treated db/db mice (n ϭ 3 mice; *P Ͻ 0.05). Representative images were from same loading Western blot. D and E: basal level of VEGF expression was similar in the Ad-␤-gal-treated db/db mice compared with dbϩ/Ϫ mice. Overexpression of Ang-2 in db/db mice resulted in a significant reduction of VEGF expression compared with Ad-␤-gal-treated db/db mice (n ϭ 5-6 mice; *P Ͻ 0.05). Cardiac hypertrophy and interstitial fibrosis. Fourteen days after Ad-Ang-2, Ad-Ang-1, or Ad-␤-gal treatment, the heart was removed and weighed and the weight was divided by the total body weight of each mouse, resulting in a ratio representative of cardiac hypertrophy. To determine cardiac fibrosis, sections were stained with Masson's trichrome (Sigma, St. Louis, MO). Myocardial interstitial fibrosis was quantified by measuring the Masson's trichrome-stained (blue) area using NIH Image analysis software as previously described (4).
Fig. 2. A:
Quantitative analysis by IB4-stained EC showing a significant decrease in myocardial capillary density in Ad-␤-gal-treated db/db mice and Ad-Ang-2-treated db/db mice, compared with db/ϩ or Ad-␤-gal-treated db/db mice, respectively (n ϭ 5-8 for each group; *P Ͻ 0.05). WT, wild type. B: representative images of myocardium cleaved caspase-3 staining. Left: Ang-2 protein was imunostained with anti-Ang-2 (green), and nuclei were stained with DAPI (blue). Middle: caspase-3 was immunostained with cleaved caspase-3 (red). Right: merged image revealed that Ang-2 was localized with cleaved caspase-3 in the Ad-Ang-2-treated db/db mouse hearts but not in Ad-␤-gal-treated hearts. Areas of colocalization appear yellow. Immunofluorescence microscopy was conducted on heart tissue in triplicate. C and D: representative images and quantitative analysis of apoptotic cells by transferase deoxyuridine nick end labeling (TUNEL) staining in db/db mice hearts at day 2 and 14. Apoptosis was indexed by counting TUNEL-positive cells per 100 nuclei in the affected area. Apoptotic cells were significantly increased at day 2 and 14 after Ad-Ang-2 treatment (solid box) compared with Ad-␤-gal-treated db/db mice (open box), respectively (n ϭ 5 mice in each group; *P Ͻ 0.05).
Mouse heart microvascular endothelial cells. Mouse heart microvascular endothelial cells (MHMEC) were isolated from C57BL/6J mouse hearts and cultured as previously described (6, 7) . Primary cultures of MHMEC, between passages 4 and 10, were used in all experiments.
Endothelial cell apoptosis and caspase-3 activity. MHMEC were exposed to either high glucose (HG; 30 mmol/l) or normal glucose (NG; 5 mmol/l) for 72 h. To induce apoptosis, MHMEC were exposed to serum-free medium for 48 h under HG or NG conditions. Endothelial cell apoptosis was measured by counting TUNEL-positive cells per 100 endothelial cells following the manufacturer's instructions (Promega). Caspase-3 activity was measured using the caspase-3 kit (Sigma).
Ang-2 short interfering RNA transfection. MHMEC (ϳ80% confluent) were treated with Ang-2 short interfering (si)RNA (mouse; Santa Cruz Biotechnology) for 24 h to inhibit Ang-2 expression according to the manufacturer's instructions. Knockdown of Ang-2 was confirmed by Western blot analysis of Ang-2 protein expression.
Statistical analysis. The results are expressed as the means Ϯ SD. Differences between groups were compared using either the unpaired Student's t-test or by multiple ANOVA. Significance was set at P Ͻ 0.05.
All procedures conformed to the Institute for Laboratory Animal Research Guide for the Care and Use of Laboratory Animals and were approved by the Vanderbilt University Institutional Animal Care and Use Committee. Fig. 1A , 48 h following intramyocardial administration of Ad-Ang-2 resulted in a significant increase in Ang-2 expression in db/db mouse hearts compared with hearts receiving Ad-␤-gal. Immunofluorescence studies confirmed that the increased Ang-2 localized within IB4-positive endothelial cells but not with smooth muscle cell actin in Ad-Ang-2-treated db/db mouse hearts (Fig. 1B) . This was accompanied by a significant decrease in Tie-2 expression (Fig. 1C) . The basal levels of VEGF expression were not significantly different in the Ad-␤-galtreated db/db and nondiabetic db/ϩ mouse hearts. Overexpression of Ang-2 resulted in a significant reduction of VEGF expression in db/db mouse hearts (Fig. 1, D and E) . Myocardial Ang-1 expression also remained unchanged (data not shown).
RESULTS

Overexpression of Ang-2 inhibits Tie-2 and VEGF expression in the db/db mouse hearts. As shown in
Overexpression of Ang-2 leads to loss of capillary and increase in endothelial apoptosis via activation of caspase-3 in the db/db mouse hearts. Assessment of capillary density at 14 days revealed that overexpression of Ang-2 in db/db mouse hearts led to a significant loss of capillary density compared with db/db mice treated with Ad-␤-gal ( Fig. 2A) . To investigate whether loss of capillary in the overexpressed Ang-2 db/db mouse hearts was due to endothelial cell apoptosis, colocalization of Ang-2 and cleaved caspase-3 in Ad-Ang-2-and Ad-␤-gal-treated mouse hearts was examined. As shown in Fig. 2B , overexpressed Ang-2 was colocalized with cleaved caspase-3 in the vascular wall of Ad-Ang-2-treated mouse hearts. Surprisingly, cleaved caspase-3 expression was not detected in Ad-␤-gal-treated db/db mouse hearts (Fig. 2B) . Quantitative analysis of TUNEL staining at days 2 and 14 Fig. 3 . A: basal level of Wnt7b expression was similar in the Ad-␤-gal-treated db/db, db/ϩ, and WT mouse hearts (top); Wnt7b expression in the Ad-Ang-2-treated hearts was increased compared with that of Ad-␤-gal-treated db/db mice (bottom). B: Western blot densitometric analysis showing a significant increase in Wnt7b expression in the Ad-Ang-2-treated hearts compared with that of Ad-␤-gal-treated db/db mice (n ϭ 3-5 mice per group, *P Ͻ 0.05). C: immunofluorescence images showing colocalization of Ang-2 with Wnt7b in db/db mouse hearts. Ang-2 was stained with mouse Ang-2 antibody (green, ϫ40). Wnt7b was stained with Wnt7b antibody (red, ϫ40) and nuclei were stained with DAPI (blue, ϫ40). Merged images showed that Ang-2 expression colocalized to Wnt7b (yellow) in Ad-Ang-2-treated db/db mice but not in Ad-␤-gal-treated db/db mouse hearts.
following Ad-Ang-2 treatment showed a gradual and statistically significant time-dependent increase in apoptosis in db/db mouse hearts compared with db/db mice treated with Ad-␤-gal (Fig. 2, C and D) .
Overexpression of Ang-2 increases Wnt7b expression in the db/db mouse hearts. Recent studies (21, 23) implicate Wnt7b activation in Ang-2-mediated programmed cell death and vessel regression in the retina. To investigate the association between Ang-2 and Wnt7b activation in db/db mouse hearts, Wnt7b expression and its colocalization with Ang-2 were examined. Western blot analysis revealed that basal levels of Wnt7b expression were not significantly different in the Ad-␤-gal-treated db/db, db/ϩ, and wild-type mouse hearts (Fig. 3,  A and B) . Overexpression of Ang-2 in db/db mouse hearts led to a significant increase in Wnt7b expression compared with Ad-␤-gal-treated db/db mouse hearts (Fig. 3, A and B) . Immunohistochemical analysis further revealed that overexpressed Ang-2 was colocalized with Wnt7b (Fig. 3C) .
Overexpression of Ang-2 potentiates cardiac fibrosis in the db/db mouse hearts. Myocardial interstitial fibrosis was examined by measuring FSP-1 expression and fibrosis formation in the db/db mouse hearts. Overexpression of Ang-2 resulted in a significant increase in myocardial interstitial fibrosis as assessed by an increase in connective tissue compared with the Ad-␤-gal-treated mouse hearts (Fig. 4A) . The number of FSP-1-positive cells in the myocardial interstitium was also significantly increased in the Ad-Ang-2-treated db/db mouse hearts compared with the Ad-␤-gal-treated mouse hearts (Fig. 4B) . Further, overexpression of Ang-2 resulted in significant myocardial hypertrophy as assessed by the heart to body weight ratio (Fig. 4C) .
Overexpression of Ang-2 sensitizes VCAM-1 and ICAM-1 expression in the db/db mouse hearts. Ang-2 has been shown to promote adhesion by sensitizing endothelial cells toward TNF-␣ and modulating TNF-␣-induced expression of endothelial cell adhesion molecules (12) . To determine whether exces- Quantitative analysis demonstrating that the number of FSP-1-positive cells per field was significantly increased in the Ad-Ang-2-treated hearts compared with Ad-␤-gal-treated db/db mice (n ϭ 3 mice in each group; *P Ͻ 0.05). C: heart:body weight ratio in db/db and Ad-Ang-2-treated db/db mouse hearts at 14 days after myocardial injection. A significant increase in cardiac hypertrophy was observed in db/db mice after 14 days of Ad-Ang-2 treatment compared with those treated with Ad-␤-gal (n ϭ 8 in each group; *P Ͻ 0.05). ICAM-1 expression in the Ad-Ang-2-treated hearts was increased compared with that of Ad-␤-gal-treated db/db mice (bottom). Representative images were from same loading Western blot. B: treatment with Ad-Ang-2 resulted in a significant increase in ICAM-1 expression in db/db mice compared with db/db control mice (n ϭ 3-4; *P Ͻ 0.05). C: immunofluorescence microscopy showing colocalization of ICAM-1 and FSP-1 in db/db mice. ICAM-1 (green, ϫ40), FSP-1 (red, ϫ40), and nuclei were stained by DAPI (blue, ϫ40). Merged images showed that ICAM-1-positive cells colocalized with FSP-1 (yellow) in the Ad-Ang-2-treated db/db mice, but not the Ad-␤-gal-treated db/db mice D and E: basal level of VCAM-1 expression was similar in the Ad-␤-galtreated db/db mice compared with WT mice. VCAM-1 expression in the Ad-Ang-2-treated hearts was increased compared with that of Ad-␤-gal-treated db/db mice (bottom). Overexpression of Ang-2 significantly enhanced VCAM-1 expression in db/db mice (n ϭ 3-5 mice; *P Ͻ 0.05). F: Immunofluorescence microscopy showing colocalization of VCAM-1 (green, 40ϫ) and FSP-1 in db/db mice. FSP-1 was stained with FSP-1 antibody (red), and nuclei were stained by DAPI (blue). Merged images showed that VCAM-1 and FSP-1(yellow) colocalized in the Ad-Ang-2-treated db/db mice but not the Ad-␤-gal-treated db/db mice.
sive Ang-2 augments endothelial cell adhesion molecules and cardiac fibrosis, myocardial ICAM-1 and VCAM-1 expression and their colocalization with FSP-1 were examined. Western blot analysis revealed that basal levels of ICAM-1 expression were not significantly different in the db/db mouse compared with control db/ϩ mice (Fig. 5, A and B) . Overexpression of Ang-2 in db/db mouse hearts significantly enhanced ICAM-1 expression compared with Ad-␤-gal-treated db/db mouse hearts (Fig. 5, A and B) . Intriguingly, increased ICAM-1 was colocalized with FSP-1 in the Ad-Ang-2-treated mice (Fig.  5C) . Similarly, VCAM-1 expression was also enhanced in the Ad-Ang-2-treated db/db mouse hearts compared with the Ad-␤-gal-treated mice ( Fig. 5D and E) . The increased VCAM-1 positive cell was colocalized with FSP-1 in the Ad-Ang-2-treated db/db mouse hearts (Fig. 5F) .
Excess of Ang-2 increases Wnt7b expression, adhesion molecule expression, and endothelial cell apoptosis in MHMEC.
To confirm the histological findings and functional effect of Ang-2 observed in the Ad-Ang-2-treated db/db mouse hearts, parallel studies were performed in cultured MHMEC grown in NG (5 mmol/l) and HG (30 mmol/l) conditions. Exposure of endothelial cells to Ang-2 (250 ng/ml) for 24 h increases Wnt7b expression under NG conditions. Exposure of endothelial cells to HG alone for 72 h also upregulates Wnt7b expression; the HG-induced Wnt7b expression was further enhanced in the presence of Ang-2 (Fig. 6A) . Exposure of MHMEC to Ang-2 (250 ng/ml) for 24 h or HG for 72 h also led to a twofold increase in VACM-1 expression (Fig. 6B ) and a 50% increase in ICAM-1 expression (Fig. 6C) .
In the presence of exogenous Ang-2 (250 ng/ml) and NG, serum starvation-induced caspase-3 activation and endothelial cell apoptosis were significantly increased compared with NG alone (Fig. 7, A and B) . Exposure of MHMEC to HG for 72 h followed by 48 h of serum starvation also resulted in a significant increase in caspase-3 activity and endothelial cell apoptosis, which was further enhanced by exogenous Ang-2 (250 ng/ml; Fig. 7, A and B) . To confirm the role of Ang-2 in MHMEC apoptosis, MHMEC were treated with Ang-2 siRNA for 24 h to inhibit Ang-2 expression. Knockdown of Ang-2 was confirmed by Western blot analysis of Ang-2 protein expression as shown in Fig. 7C . Treatment of MHMEC with Ang-2 siRNA significantly blunted HG-induced endothelial cell apoptosis but had little effect on the MHMEC apoptosis under NG conditions (Fig. 7D) .
Overexpression of Ang-1 reduces apoptosis and prevents loss of capillary density in db/db mice. Since Ang-2 is a nature antagonist of Ang-1/Tie-2, we sought to determine whether overexpression of Ang-1 would reverse the progression of myocardial apoptosis and loss of capillary in diabetic mouse hearts. As shown in Fig. 8A , TUNEL-positive cells in the db/db mouse hearts were significantly decreased in Ad-Ang-1-treated db/db mice compared with Ad-␤-gal-treated db/db mice. This was accompanied by a significant increase in capillary density (Fig. 8B) . Overexpression of Ang-1 also significant reduced myocardial fibrosis formation in db/db mouse (Fig. 8C) .
DISCUSSION
Our present studies demonstrated that overexpression of Ang-2 in diabetic hearts mimicking diabetic ischemic condi- tions resulted in increased endothelial apoptosis and loss of capillary density. This was accompanied by upregulation of Wnt7b and caspase-3 activation. Intriguingly, overexpression of Ang-2 sensitizes endothelial cell and enhances expression of endothelial adhesion molecules in diabetic db/db mouse hearts. Excessive Ang-2 further promotes cardiac fibrosis formation in db/db mouse hearts. Our data clearly demonstrate that excessive Ang-2 impairs angiogenesis and sensitizes microvascular inflammation in diabetic hearts, and, in addition, plays a critical role in the progression of myocardial fibrosis.
Ang-2 is produced by endothelial cells, and its expression is limited to sites of vascular remodeling (19, 25, 26, 30) . Ang-2 is thought to stimulate angiogenesis by sensitization of endothelial cells to VEGF, a key factor that launches angiogenesis, including endothelial cell migration and proliferation (20) . In a recent cross-sectional designed study, it was shown that diabetic patients with macrovascular complications, in particular those with cardiovascular disease, had higher serum levels of Ang-2 than those without macrovascular complications (24) . Although plasma Ang-2 levels are increased in patients with diabetes with acute coronary syndrome (9, 16 -18) , the direct role of Ang-2 on angiogenesis in diabetic hearts has not been reported. Our findings that 1) Tie-2 expression is significantly decreased in db/db mouse hearts overexpressing Ang-2; 2) the increased Ang-2 is colocalized with cleaved caspase-3 and this is accompanied by a significant loss of capillary density in diabetic db/db mouse hearts; 3) exogenous Ang-2 exacerbates HG-induced caspase-3 activation and myocardial endothelial cell apoptosis; and 4) knockdown of Ang-2 significantly attenuates HG-induced endothelial cell apoptosis in vitro suggest that Ang-2 increases endothelial apoptosis via suppression of Tie-2 signaling and activation of caspase-3 pathway. These results implicate a critical role of Ang-2 in the progression of loss of capillary density in diabetes. Our present data demonstrate that overexpression of Ang-2 in diabetic hearts leads to a significant decrease in VEGF expression, accompanied by a more aggressive endothelial apoptosis and loss of capillary, implicating that increased Ang-2 after myocardial ischemia is responsible, at least in part, for the downregulation of VEGF and impairment of angiogenesis seen in diabetic db/db mouse ischemic hearts (4, 5) . Given the importance of Ang-2/VEGF in the regulation of angiogenesis and disease progression of diabetes, therefore, balancing Ang-2/VEGF should be considered as a novel therapeutic strategy in treatment of diabetesassociated impairment of angiogenesis.
Although hyperglycemia-induced Ang-2 expression and enhanced endothelial cell apoptosis and loss of capillary have been observed in our previous in vitro and in vivo studies (31, 32) , the intracellular molecular mechanisms by which Ang-2 mediates endothelial cell apoptosis and loss of capillary in diabetes are not completely understood. Wnt signaling is required for different aspects of cardiac and vascular development. Studies show that inhibition of Wnt signaling leads to increased angiogenesis and attenuated cardiac hypertrophy (2, 10, (33) (34) (35) . Inhibition of Wnt signaling by Wnt pathway antagonist FrzA led to a significant decrease in myocardial apoptosis (1) . Accumulating evidence demonstrates that the Wnt7b stimulates cell cycle entry of vascular endothelial cells and couples apoptosis and programmed cell death (21) . Endothelial cell apoptosis was dependent on Wnt7b-stimulated entry to the cell cycle and transit through the restriction point in mid-G 1 phase (21, 23) . Ang-2-induced endothelial cell death and vessel regression in the hyaloid of the eye is mediated, in part, by suppression of Tie-2/Akt survival signaling in endothelial cells and upregulation Wnt7b in the macrophage (23) . Moreover, treatment with Ang-2 dramatically increased Wnt7b expression together with endothelial apoptosis and vessel regression, whereas treatment with Ang-1 significantly decreased Wnt7b expression (15) . Consistent with these studies, our present study reveals that Ang-2 suppresses Tie-2 and VEGF and increases Wnt7b expression as well as endothelial apoptosis and loss of capillary in diabetic hearts. Overexpression of Ang-1 reverses diabetes-associated myocardial apoptosis and loss of capillary. Both of these paradigms implicate the angiopoietins/Tie-2-VEGF-Wnt7b pathway as a potential target for the treatment of diabetic capillary rarefaction. Further studies are needed to investigate the role of VEGF-Wnt7b in diabetesassociated loss of capillary density.
Diabetic cardiomyopathy is characterized by a progressive fibrosis formation, which also plays a key role in loss of capillary density in the disease progression of diabetes (11) . Overexpression of Ang-2 in the mouse heart has been shown to lead to myocardial fibrosis (36) . Consistent with these findings, our present study demonstrates that excessive Ang-2 increases FSP-1 expression and promotes cardiac fibrosis. In contrast, overexpression of Ang-1 reversed diabetes-induced cardiac fibrosis formation and prevented loss of capillary in diabetic hearts. The findings suggest that Ang-1 operates as a counterbalance to Ang-2 in diabetes. Our present study demonstrates that not only does excessive Ang-2 impair angiogenesis, it also promotes diabetes-associated microvascular inflammation by sensitizing endothelial adhesion molecules. Taken together, our data implicate that Ang-1 and Ang-2, as agonists and antagonists of Tie-2, have opposite effects on the diabetic cardiac fibrosis and angiogenesis. Perturbing equilibrium of angiopoietins/Tie-2 sensitizes diabetic inflammatory response and promotes the diabetic disease progression.
Our present study suggests that an excess of Ang-2 promotes microvascular inflammation and cardiac fibrosis results in loss of capillary in diabetes. Results from the present studies provide the foundation for exploitation of the angiopoietins/ Tie-2 system, especially a targeted reduction in Ang-2, to ameliorate or reverse the diabetic abnormal vessel remodeling and microvascular rarefaction that characterizes the diabetic state.
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